Metabolically-active obligate aerobes are unheard-of in tightly-anoxic environments. Present 2 9
1 7 1 exhibited growth (Table 1) . These three strains could also grow anaerobically in their respective 1 7 2 media when NaNO 3 , but not the other five compounds, were provided individually as the sole 1 7 3 electron acceptor -their cellular growth yields in the presence of NaNO 3 were identical to those 1 7 4 obtained in the presence of the six-electron-acceptor mixture ( Supplementary Table 15 ). In 1 7 5 contrast to the above three strains, after 10 days of anaerobic incubation in their specific media 1 7 6
containing the six-electron-acceptor mixture, the representative Halothiobacillus strain SB14A 1 7 7 retained only 4.6% of the initial cell count whereas the representative strains of the Cereibacter, viable cells left ( Table 1) . Use of the six individual electron acceptors separately in six different 1 8 0 culture sets did not also help any of these strains to grow anaerobically (Supplementary Table   1 8 1 15). These results were consistent with the fact that no genetic system for respiration using well be a debate regarding which of the three metabolic states broadly referred to as living 2 4 7 (namely dormant; active but not growing; and active and growing) 26 did these strains exist in, for 2 4 8 thousands of years in the ASOMZ sediment. In any case, it is for certain that none of the three 2 4 9
states of life could have been achieved without some level of metabolic activity (to support basic 2 5 0 cell maintenance, activity and/or growth) [27] [28] [29] , and any metabolic activity in an obligate aerobe 2 5 1 ought to eventually involve aerobic respiration. However, since in situ aerobic metabolism is 2 5 2 counterintuitive to the physicochemical conditions prevailing in the habitat (Fig. 1 and cell division, are present in all metatranscriptomes 30 . Presence of such mRNAs were not only 2 6 0 considered to be the quality/coverage benchmarks of the metatranscriptomic datasets, but also 2 6 1 8 regarded as markers of in situ metabolic activity of the source bacteria 30 . We, therefore, the metagenome assemblies carried out for all the individual sediment-samples of SSK42/5 and 3 1 4 6, except 220 and 250 cmbsf of SSK42/6 ( Supplementary Table 29 ). We, therefore, 3 1 5
hypothesized that potentially-close association with these oxygenic anaerobes could be one of 3 1 6
the means by which aerobic lifestyle is sustained in the ASOMZ sediments. Furthermore, when 3 1 7
the metagenomic sequence data obtained from the 10 discrete sediment-samples of SSK42/9 3 1 8
were individually assembled and annotated, 8 out of 10 contig-collections obtained were also 3 1 9
found to contain (per)chlorate reductase genes ( Supplementary Table 30 ). biomass; so these PRBC were selected for individual anaerobic co-culture experiments with the as electron acceptor. After 60 days of anaerobic incubation in the consensus medium, SB14A, Halothiobacillus growth, to vary). In contrast, when SB14A was incubated anaerobically in the 3 3 4 same medium, but in the absence of any PRBC, the culture lost 99.6% of the initial cell count 3 3 5
( Supplementary Table 31 ). Furthermore, after 60 days of anaerobic incubation in a perchlorate- associations with oxygenic, perchlorate-respiring bacteria.
No ClO 4¯ was detected in the pore-water of any sediment-depth explored along SSK42/5, 3 4 1 6 or 9 using ion chromatographic method that apparently had a detection limit of 10 µM (1 ppm). However, potentially functionality of perchlorate respiration in these sediments was suggested by ( Supplementary Table 32 ). Presence of no chlorite dismutase homolog in the assembled- waters are not only supportive of in situ aerobic metabolisms 5, 8, 10, 12, 13 but also reasonably within 3 5 9
the known frontiers of minimum-O 2 necessary for aerobic microbial life 9,11 . By contrast, the H 2 S- Results obtained from the metatranscriptomic read mapping experiments showed that the 3 6 5
obligately aerobic strains, in their native habitat, were not only metabolically active and respiring 3 6 6
with O 2 , but were also growing/replicating in all likelihood. Inferring metabolic activity from through their translation into enzymes and transporters, but also because, in the light of 3 6 9 evolutionary optimality 32 , it is axiomatic that if a cell undertakes mRNA production it does so only 3 7 0
to effect the function in which the coded protein is involved. As for environmental 3 7 1 metatranscriptomes, instantaneous inventories of mRNA pools are considered to be highly for some extremophilic archaea, transcript stabilities are a bit higher and range between 5 and 3 7 9
>18 min 36 . For marine bacterial isolates, half-life time of mRNA transcripts have been found to 3 8 0 range between 1 and 46 min, while for coastal metatranscriptomes it ranges from 9 to 400 min 37 .
3 8 1
Notably, mRNAs do not form secondary structures as tRNAs and rRNAs do, and therefore they 3 8 2
are far more unstable than the latter types of RNA. This may the reason why rRNAs from some it is impossible to obtain mRNA transcripts of a bacterium (especially those corresponding to core 3 9 1 metabolic activities such as transcription, translation, DNA replication, membrane transport and 3 9 2 cell cycle) in case of its in situ dormancy or cell-system collapse (death). As for the 15-25°C 3 9 3 sediments of SSK42/5 and 6, which are characterized by high in situ organic carbon content and 3 9 4
hectic carbon-sulfur cycling 2 , we hypothesize, based on all the above considerations, that Based on the data obtained in this study, the role of perchlorate-/chlorate-respiration as a 4 0 4 cryptic source(s) of O 2 for aerobic life in the anoxic sediments of ASOMZ is at best hypothetical. of whether the simple carbon compounds produced from the low levels of aerobic catabolism in PVC core-liners, top one cm of the exposed surfaces were scrapped-off to avoid contaminations 4 5 3 from the core-liner's inner surface and/or sea water; sampling was then carried out from the as much as possible. 14 C dates were determined using accelerator mass spectrometry (AMS) at Hole, MA, USA. Carbon dioxide generated from the dissolution of foraminifera shells in H 3 PO 4 4 7 5
was reacted with catalyst to form graphite, which was then pressed into targets and analyzed on and Oxalic Acid II (NIST-SRM-4990C) were used as the primary standards during 14 C manufacturer's protocol. Nanogram-level total RNA was obtained after pooling up the products of 4 9 1 15 individual preparatory reactions, each carried out using 2 g sediment-sample. nucleotide read-chemistry, as described previously 50 (details given in Supplementary Methods; 4 9 7 complete lists of sedimentary communities investigated along SSK42/5, 6 and 9 are given in 4 9 8
Supplementary Tables 1, 2 and 6 respectively). Whole genomes of the pure culture isolates were 4 9 9
shotgun sequenced on an Ion S5 platform (Thermo Fisher Scientific) using 400 nucleotide read- Methods. Depletion of rRNAs was carried out using Ribo-Zero Gold (Illumina), which is an extract and eliminate whatever rRNA reads were there in the raw metatranscriptomic sequence 5 1 0 1 5 dataset, the 26,579,343 read-pairs available in all were mapped onto SILVA large subunit as well 5 1 1 as small subunit rRNA gene sequence database 51 , using the short read aligner Bowtie2 MetaGeneMark 55 .
2 5
For the genomes of pure-culture isolates, high quality reads were assembled using 5 2 6
SPAdes 3.13.0 (56) , with kmers 21, 33, 55, 77, 99 and 127, and minimum coverage cut-off 35X.
2 7
Statistics for >200-bp-long contigs was generated from the assemblies using QUAST 57 and 5 2 8 viewed using Bandage 58 ; <200-bp-long contigs were filtered out from the final assemblies. The whole genome sequences were deposited to the GenBank and annotated using Prokaryotic The rRNA-sequence-free metatranscriptomic dataset was assembled using the python 5 3 7 script rnaspades.py, available within SPAdes 3.13.0 (56) , with default parameters. ORFs/genes 5 3 8 encoding continuous stretches of minimum 30 amino acids were predicted in contigs longer than 5 3 9 100 bp using Prodigal v2.6.3 (59) .
4 0
Gene-catalogs obtained from the individual metagenomes or the metatranscriptome were order of 10 -2 to 10 1 . Since 0 is less than any minimum value possible in the log scale, it is noteworthy that the deepest blue squares of panels B and C, which apparently match the order of 10 -3 in the color scale, actually correspond to the real values 0 (see Supplementary Table 16 ).
